Introduction. Grain refinement is a promising process for improving the fatigue properties of metals. To form fine grains on the surfaces of metals, we developed a surface treatment system that combines atmospheric control, high-frequency induction heating (IH), and fine particle peening (FPP). The treatment is referred to as atmospheric-controlled induction heating fine particle peening (AIH-FPP). AIH-FPP treatment can perform FPP on induction-heated metals under an inert atmosphere and create fine grains on the surfaces of ferrous materials such as Fe-Cr alloys 1) . However, details of the effects of the AIH-FPP treatment conditions on the microstructure and fatigue properties of the treated material have not been investigated. In this study, AIH-FPP treatment was performed on AISI 4140 steel, and the effect of the treatment conditions on the microstructure and fatigue properties was examined.
Experimental methods. AISI 4140 steels with different microstructures (ferrite-pearlite and martensite) were prepared. AIH-FPP treatment was performed on the polished surfaces of the specimens. Three treatment temperatures (923, 973, and 1023 K) were employed. In addition, as shown in Fig. 1 , two types of thermal histories were applied. One thermal history included a process whereby the temperature is increased to 1273 K (austenite region) ( Fig. 1 (b) , referred to as γ-AIH-FPP), and the other thermal history included no such temperature increase ( Fig.1 (a), referred to as α-AIH-FPP). The microstructures of the specimens were characterized using optical microscopy (OM) and electron backscattered diffraction (EBSD). The fatigue properties were examined under plane bending at a stress ratio of 0.1 and a frequency of 20 Hz at room temperature in air.
Results and discussion. From the analyses using OM and EBSD, it was found that AIH-FPP treatment above 923 K could create fine grains at the surface of AISI 4140 steel regardless of the microstructure of the steel and the thermal history employed during the treatment. This is due to the occurrence of dynamic recrystallization 1) . To investigate the effects of the AIH-FPP treatment on the fatigue properties of the steel, plane bending fatigue tests were conducted for the specimens with the microstructure of ferrite-pearlite, which were mirror-polished, treated by α-AIH-FPP at 1023 K, treated by FPP at room temperature, and induction-heated by the thermal history shown in Fig. 1  (a) without FPP. The results of fatigue tests are shown in Fig. 2 . The fatigue properties of the steel treated by α-AIH-FPP at 1023 K were improved as compared to those of the other specimens. This is due to the formation of a thick grain-refined layer and the transformation from ferrite-pearlite to bainite. These results indicate that AIH-FPP treatment is effective at modifying the fatigue properties of AISI 4140 steel.
Conclusions. This study revealed that fine grains were created on the surfaces of AISI 4140 steel regardless of the microstructure of the steel and the conditions of AIH-FPP treatment. This is due to the occurrence of dynamic recrystallization in the all conditions. AIH-FPP treatment was more effective at improving the fatigue properties of AISI 4140 steel than was FPP at room temperature or IH without FPP. This is because of the formation of thick grain-refined layers and the transformation from ferrite-pearlite to bainite.
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